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© Test device and method of aasaying for proteins. 

© a new and improved test device and method of — g S^JXS* 
'2rt .2 albumin or Bence Jones proteins « a test WjJJ J a visually 0 r instrumentally 
ncVrporating a reactant system capable J^J^ESkS c^W. commonly used bibulous 
detectable and/or measurable response. The earner man* vv* ^ strip , me mbrane or layer of 

maSes. such as filter paper, or a new and ^mprovec ^^^^d reactam system, comprising a 
TSymerized urethanecontaining ~ m P° 8 * 0 "^^ if necessary, a suitabto buffer « 

dual indicator reagent system, such as ^^^'^lZ\rsL and increased sensitivity to protem* 

be performed on a liquid test sample. 
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TEST DEVICE AND METHOD OF ASSAYING FOR PROTEINS 

FIELD OF THE INVENTION 

a, of assavino a test sample for the presence and 

me present invention relates to a dev.ce and a method ^ « sa ^9 8 to a ne * and improved method 
concentration of proteins. More particularly, tte f^^jSS a device havin 9 a dual indicator 
and device lor assaying a liquid, such as ^nne. ^ent composition is incorporated 

reagent composiUon as ^ ^^^^^^^^^^occ^ upon contact of the dual 
into a earner matrix, such that a detectable ^e dual indicator reagent eompos.tion 

indicator reagent composition with a P^'"^"^ l^ity in order to more accurately detect 
provides improved color resolution ^■"^^SSKf a liquid test sample. In addition, the 
Jnd/or measure, either visually or by ' n ^^%^ t "^sitlon. incorporated into a carrier matnx 
present invention relates to using a dual in f^^^£f yme ri»d urethane«ontaining compos.- 
U*. ^^ ^^T^Tn^^ .owmofceutor weight protein, ,*e 

Z£££m?Z-+ » a « ^ - *«* assay procedure - 

BACKGROUND OF THE INVENTION AND PRIOR ART 

Albu min is Ihe most abundant ^ a protei, SSfJ— 
protein in mammalian plasma, in the ^^^^^ locate for various compounds, such 
Lance between Wood and tissues, and of ^sulfonamides and barbiturates, that are only 

as bilirubin, fatty acids. Cortisol, thyroxme and drugs such as i su ^ 
sfightty soluble in water. An albumin accumulation of serous 

vttzzs: ZEi — - — - a defidency of 

""SSl , ciinically important to determ,ne if *^^>™%^ S 
A norma, functioning kidney forms ^ 

glomerulus, or glomerular reg.on of the W^TIj cap-l^ a W ^ ^ hjgh mo)ecu|ar 

fo water and low molecular weight ^^Tj ^^J^ e ^ V filtered out of the urine so thtf 
weight proteins cannot pass through these « V«ary «J «JM mo , ecular wigW components 

the protein is availabto for use by the body The ^'^^ of ^ urm e components, 
passes into the tubules, or tubular reg.on, *^ ^J^nents; and concentration of the urine 
Such as low molecular weight proteins; secret of othe ur.n »np» ^ concentration of 

occurs. As a resuK. through the combined P«~>" '^'j^.y^h amounts of albumin andVor 
proteins in urine should be minimal to ^^^^^^7^0^ dysfunction. 
toVmo.ecu.ar weight proteins in unne must ^Lual usually is indicative of a 

The relativeiy high concentration of albumm , . me unne o varies from about 2 

diseased condition. For example, the average normal conce <**™° "? jn bej ^rum albumin, 

mjdt to about 8 mg/dL. with approximate* -onHhrt - ^l^^m. such that album* 
However, in a majority of diseased states urinary f^^crex* Tprotein. The presence of an 
accounts for from about 60 ^ " ^ ^ pyuria, is one of the most significant 

abnormal increased amount of protein .n the unne. I mown as * ^ diseases . 

,ndicators of renal disease, and may b V n * C n t° ^ deficiency and/or to determine if an 

Therefore, in order to determine rf an ind.v.dual has an a ™ Wr the course 0 f medical, treatment to 
individual excretes an excess amount of protom and hn orde to protein det ection assays 

determine the effectiveness of the treatment. m ethods developed for the detection 

have been developed. Furthermore, of the several d-nerent have 
and/or measurement of protein in urine and .jnjj^ baa* ^ reproducibte and 

proven especially useful because dye bind.ng methods are reaony 

accurate results. dves that are capable of interacting with a 
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change in pH. When a pH Indicator dye ^^^^^^TJ^C^^ 
dissection constant, of the indicator dye is ^J^^^^SX an appropriate butter 
so-called "protein-error" phenomenon. In methods utilizing the dye Dinning iew h ^ m 

S5» the pH indicator dye at a constant pH to prevent a colo * pr0l9 , n . the pH 

? sStal tftt in pH. Due to the "protein -error" ptarnm. X\£Sf!^bS» * a chan 9 e 
ndcaTdye undergoes a color transition that s , denbca to ^rdhange a*sm > becau* j 

i^rt^ "»* 

SSphenol blue and MnoMnphmMAB f ^^^^8 several problems and 
AKhough P H indicator dyes have been used ^^^^^ "exTpS nithods based 
disadvantages still exist in protain assay methods f^J£**%£^ between protein concentra- 
upon pVScator dyes either cannot detect or cannot quanta * •J^*^^ and several 

SSSnSS S^STl *e notable exception o, the simp, cotorimetric reegent test strip. 
£^£5«on of protein to make quantitative protein MjjjM lnterBCt witn 

' The coErimetric reagent test strip utilizes ^T^tSSSTiffi change in the pK For 

cobr to solution, depending upon the concentrton of protein m JJJ^' consisting ofa small square 
Scm. colorize .st = Ofrer 

pad of a earner matnx h*"^*"™" l^Snl strips that include one test area for protein assay as 
colorimetric test stnps are multideterm.nant reagent «nps ew to ^ 

chart provided on the colorimetric test strip bottle. indicator dye. semiquantitative 

For test strips utilizing tetrabromophenol blue, buffered at pHj 3. as the ^ J. t0 four . p , us -. A 
assays for proteTn can be performed and are "J^JJJ^ ~J L demonstrated by*e lack 
negative reading, or yellow color, indicates mat the urine contams no pm . ^ Qf 

of a color transition of the indicator dye A trace eading . ^J"^ b ^ tranrtttoro 0 , green through 
protein m the urine. The one "plus" to four "P'^.^'^^n^protein concentrations of 30. 100. 
increasingly dark shades of blue, are ^^l^^^^^^r^ severe proteinuria. 
300. and over 2000 mg/dL. respectively and serve as ^ readil d9tern , jne , ^ly, mat the 

in accordance with the above-described method, an "JT 3J m ^ dL However . the color 

protein content of a urine sample is in the .nJcient to allow an accurate 

differentiation afforded by the presently avertable f^J^^^J ^ dL The inability to detect and 
determination of protein content in «"ne between 0 1 £2- , neatthy p9rs on usually has 
differentiate between tow protein ^T^ * 5 ^ Therefore, it could be clinically 

irrrj; i^j^sj - — » — ng 

protein precipitation techniques or by quantitafve 24 hour protein P^^° ^ must ^ run in , 
tests are time consuming and ^ ^JZSSZSJSS* perform at home to quickly 
laboratory by trained personnel, and therefore are " , medica| lament 

» determine urine protein content and to montor tt« ■^".'Jjj IcSrate and trustworthy method of 
Therefore, it would be extremely advantageous to I have a ampte , * Qf Q 

assaying urine for protein content that altows «ri <*JZ^ to about 30 mg/dL. and 

to about tO mg/dL. m ^^^ an accurate method of 

upwards to between about 100 mg/dL to aooux juu b » J* d iD-and-read test strip, the urine 

ss determining urine protein concentration ,n an easy to use orm such d , j8 can 

assay can be performed by .aboratory ^^J^J^^^^^a can be commenced 
SS^^ WA^S ini- by »e patient at home to more precisely 
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As will be described more fully hereman er the ™mod or n. p ^ ^ .^.^ reagent 

and trustworthy protein assay of unne JJ^^J^J visua , color resolution, and therefore the 
composition. The dual indicator reagent W^LTSSi^ to be accurately determined at levels 
5 sensftivity, of the assay, thereby a.low.ng ^.^"Jjfj »e present invention can be used to 
o« approximately 30 mg/dL or less. In add-on me ™^ * > proteins , 8uch as Bence Jones 
determine the presence and/or ^J.J^ weiaht pre teins invove 

proteins, in a test sample^ All P r 0 ' * * 8 ^^^^ 

immunoelectrophomsis methods or >M to* J^ o e lecular weight proteins in urine. 

)0 tMm^*™**^*^?^*^*^ having a low molecular wetght of 
Bence Jones proteins belong to a class of unnary « ^ ^ ^ ^ 

approximately 20.000 and that are i^e tubular section of the kidney. Therefore 

However, the Bence Jones protems usually « »£J2in the urine of a healthy person. As a result a 
the concentration of Bence Jones proteins * •J*J££*J £ nicatlv signifiC ant. Overall, the detection 
significant amount of Bence Jones protons • n ^ in unne is important because 

an'd measurement of the e ^^tpecSow mo.ecu.ar weight proteins (globui.ns) 

re™-^^ high mo.ecu,ar weight P *sma 

"* For examp.e. the Bence Jones protons mm** ^ more than one-half of the 

mye.oma g.obu.in. and therefore are ^JJSl^STS- proteinuria also is found in the unne of 
patients suffering from mufcple W*™"^^™* syst emic amyloidosis. In addition, an » 
many patients suffering from macrogtobu ^^'^ jJJ pf0t eins occurs in Franklin's disease; 
craved excretion of a specific globulin that .s s.mrtar ^SV^, sh0 w a substantial increase in the 
and patients with renal tubular disorders, suet as * e have sear ched tor a simpte assay for 

quantity of g.obu.ins excreted in me unne. in commercial available test strips « 

tow molecular weight proteins •»« J* «*J "JJ? Surprisingly and unexpectedly the 
insensitive to low mo.ecu.ar we,ght P^"% R ^^ e ^ de tect and measure the concentration of low 
method of the present invention • P™*" •"JJ^JJ* « jn(jicator feagent comp0 sition .ncor- 
molecular weight proteins. like Bence ?™V*«™" S ^ wbrane ^ an appropriate pore sue. 
porated into a polymerized ureth^tonJ g Wm. JJJ»££. jn mat ^ coagulate upon heating to 
The Bence Jones prote.ns d.ffer framall redissolve on {urtn er heating to the bo.hng 
temperatures between about 45 C and about 80 ft «MJJ »JJ^ has ^ the basi8 of aM 

point of test sample. This pecuLar *™*^£J?^ prot eins. The dye binding technique used 
qualitative and semiquantitative determ.nat.ons for Ber^e Jones p g ^ much 

35 ^commercially availab.e test strips has proved .nsensrt ^ ° Be ^ e J ^bumin. in ^ unne of a healthy 
greater rotative concentration of ^^^^5 Bel Jones proteins. Furthermore it is 
individual effectively interferes wrth £ "^J^S Jones pro teins. thereby negating the utility of 
inconvenient and costly to separate the albumm J from Bence jo P 

separating the albumin from the Bence ^^T^i^i Z •» P»* ence concentrati0n ? 

As a result, dry phase test stnps are P'^^ V Jf* hly sensitive dual indicator reagent compos- 
Bence Jones proteins in urine. ^^ SS small pore size prevents the albumm 
ton of the present invention .nto a earner mat * with the dual ind.cator 

content of the urine sample from penetrating » of sufficient pore size to al.ow 

4S ^^^T^TZT^t, to interact w.th the duet indicator reagent 

^ai^aa sks ^assess 

proteins depends upon the precise ^ of me chn ca transient inter mittent pmtonuna 

ine specific disease. Proteinuria can be internment or wn^uous^ dttwdw. Therefore, 

so usualW being caused by P*"?* - ^ e TsTp. s S protein" must be avaiiable tor bom 
accurate and thorough assays of unne and other tea ; mn P measurement ot the prawns of 

oratory and home use. d^. « * mad. and com* 

interest, either albumin and/or Bence ^^^T^ addjt ion. it would be advantageous f the 
medical treatment implemented, monrtored and ^ned n ao ^ weigM 

protein assay memod. bom .or format for me easy and economics., 

proteins, like Bence Jones prote.ns could be or other tes t samptes. 
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trustworthy and reproduce resuKs by *™ * 

of an interaction with Pj-J--£ i' Sl^SS^ Moreover, It would 

pH change or preferentiaJ interaction "^atOTtsamp ^ ^ |n dry reagent ^ 

be advantageous If the prote,n assay "-JfiSSfS murtne or other test samples. Additionally, 
tor the rapid, economical^ and attura* djjnjn*o n *p» *ju ^ Qf interfere wttn ^ 

the method and composition utilized in the assay km p 

other test reagent pads that are P« wrt ^7^^ of assmSo urine or other test samples for proteins 
Prior to the present invention, no^n mtfnlofam 3 ° ^ ^ ^ 
included a dual indicator reagent composition ^^^J 3 ' 0 ™ accurate and trustworthy protein 
sensitivity of the assay at tower P"^"£^ Tm^aSfbSI. * addition. although a dry 
assays can be made for protein »"»^^7Sophe«)l blue or tetrachlorophenol-3.4.5.6- 
phase chemistry test strip ut.liz.ng a s.ngle ^ye. '"* ^ ^° e J a| no dry phase test strip has 
tetrabromosulfo nephthalein. has been used thtrefore inoease sensitivity, at lower protein 

a, the pH indicator dye method of assaymg urme tor proteins. For ex p ^ teaches 
disctoses me basic dye binding ^ZLTA^VZi *L the pr^ (acid dissociation 

o< a,bumin * monttorin9 - 

25 ^ r X PHor art. and in con, est "^^T^^X S2 

of the present invention provides increased sens *^'" J^^^ * about 30 mg/dL and below 

by utilizing a combination of indicator dyes, present iovention also allows the 

can be determined. Unexpectedly and surpr,s.ngly. *J^f™*Z « ^ j 0 nes proteins; a 
simp.e and essentially immediate ^V^"^^ 

» method heretofore impossibie becauseof ^^^^^Z**, new and unexpected results 
urine sample. Hence, In accordance wrththe ™*kx lof £e presen « ^ ^ for 

ssrssr* • ~— - — — incor - 

porated'into a carrier matrix having an appropriate pore s.ze. 

35 

SUMMARY OF THE INVENTION 

, • A„*c<«<i to a new and improved test device, method of manufacturing 
<o In brief, the present .nvention , ■ .ducted £ a new** .mp n Qf a oompOBWl m a te8 t 

the test device, and method of determ.n,ng *^sence an o o capable of interacting 

samp.e. The device includes a earner matn> \"^™*^™Ze the reactant composition 
with a test sample component to P«*« « se^he^ant composition produces a response 

procfccesavisuaHy detectabie^ J ^ invention 

, 5 that is detectable visually or by ^r^L^Sr H new and improved nonbibulous protein 
comprises such bibulous porous matenals as "^^^^Vning material. A reactant composi- 
p9 rmeable strip, layer or membrane ^^Z^^SST^^ prior to or after complete 
Son can be homogeneously ^^^Z^Z r^^^o, homogeneously throughout 

for proteins by utilizing a new and ^proved Idu ^^.SSSSSor transitions in approximately the 
that employing a combination of .ncteator ^-^^^Zt^t, at tow protein concentration 
same pH range, affords improved color n»Mn and "JJ*^ £ ^ semiquan- 

ranges. In accordance with an .mportant featur 8 °' ^^7 2000 mg/dL , an d especially between 0 

3S r^mUrruranrr By M *. »* » 
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MotMr objMt of ft* p»»<p k™*" * » f*" ! » 5, "' l " e ' lr " SW0 *>'' • cc '"'' 1 * "*™° 

samples that provides improved visual color resolution and mcreased sensinvny w 
"IST^c, o. ft. p~« « tp pro** a n»ftod of »»,in 8 ufln. . <*- « *r*» 

35 and about 30 mg/dU „f a««savina urine or other test samples 

Another object of the present invention is to provide a method of assaying unne or w 

for the presence and concentration of low molecular weight liquid sample for low 
Stin another object of the present invention ,s to provide *J^ *%Z!2£ recent composition, 
molecular weight proteins, including Bence Jones proteins by 

« Another object of the present invention ,s top**, a ^thodjrf JJ^JE^J; , M 

:rsr^ -ffts 35 Bence 

P^eTb* to delude penetration by higher T£Z device for 

matrix of suitable porosity. imnroved test device and method of 

Another object of the present invention is to provide a new and IwjwJ manu{ac ture 
manufactunng me test device including f. c ^" mOT * 
thereof, a reactant composition capable of interacting with a cnem,c *J?™ T 
so the earner matrix comprises a polymerizable ure *f n ^^ n,n a 9 ^ e P ° S '!!"; comprjsi ng a carrier matrix 
Another object of the present invention ,s to « ^;^\T^Z^^ ^ 

after curing. nr „ v iH ft a n«w and improved test device and method of 
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curing of the carrier matrix or after complete ojring of the ^rrier ma* x. ^ ^ ^ ^ 

A * ^ coSon 9 into the carrier matrix during or after 

capable of incorporating a dual maicaror ^ K jn Drotei n response. 

SSacture to achieve a test ^^^T^Z Improved reagent test strip, capable of 

JSTpS; including tow mo.ecu.ar weight protems. 

BRIEF DESCRIPTION OF THE DRAWINGS 

- jpp«, from the MM* ^^tLTSTrti. c*..^— "> •» T" f 

ir^rssr. 1 ^ = « • ~ MMBr ~ 
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tetrabromophenol.blue (TBPB) and methyl orange (MO). 



DETAILED DESCRIPTION OF THE INVENTION 



,„ accordance wi* the method of »e present JjjJj ^Turir^^P^ 
,or prote.ns. including albumin and/or tow "g^^JXlnO- • oombWten of suitable 

accomplished by utilizing a ^J^^^^JS^ I W° «* e ' «? * e 

.ndicator dyes, visua. ^aH^^ increased. The improved color reso.ut.on 

ssL'ar.sssi * - * - presem invenflon 18 ^ 

assays areincapable of d^ ^^^^ 
m g/dL to about 30 mg/dL, and espec.ally from 0 mg/dL to about 9^ ^ M ^ mg/dL fa 
protein concentration .eve.s is c.inica.-y ™^"ZeV<o^e**y individual, therefore urine protein 
'about 20 mg/dL is used as the norma. M »P**£J J* y protein deficiency mat can cause 

,eve.s from 0 mg/dL to about 10 mg/d L may .nd.cate a poto ^ P n^y indicate en excessive 
physioiogica. imbalances and urine protein -J** ^^^Je noted B that in regard to urine protem 
excretion of proteins that can sign.fy a diseased rtate. «*ouw o ^ mQtnod 

concentrations in the re.ative.y W ZTjSEi anS increased sensitivity to urine protein 

of the present invention still affords ™^™*^™ m mis concentration range since such h,gh 
SSSrSMS - .at n,st be invested .rthe, 
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. » ha nr-sance of low levels of low molecular weight proteins, such as 
in further regard to urine assays, the <^ c ° * SUC h as leukemia or multiple myeloma. 
Bence Jones proteins, is indicate of specie of ^ present 

Therefore, in accordance wrth anotner J^^*7,£ indicator reagent composition and the 
the improved color resolution afforded by the use ««<« technique to detect and measure 

resulting increased sensitivity to low te ^ s ^'^T n S ^erefore. as wi.l be discussed more 

in blood plasma and serums; and more Q""***" "™ o( ^ resent invention, the method and 
fluids as well. In accordance wrth anotner J\ ™ P „ io phase assays and. to achieve 

composition of me present invention can * "J^^SSSiS determine the presence and/or 
the full advantage of the present .nventoa '"a**™*™ p8fl 888 

concentration of proteins in urine or other hqu.d tesl t samples. stable indicator dyes, each 

Surprisingly and unexpectedly, it has been four* measurable color transition while 

having fte ability to interact with protemsand _ «d«go jncre8se<3 89n srti V ity to low 

maintained at a constant pH. demonstrated W f ^J™^£™ m ^ presence and/or concentra- 
ted concentrations when used in a dyeing »e "J^*^ reage nt composition 
Son of proteins in a test sample. The dye-b ndrng ^2^,^ assay for protein. Presently, 

provides a more accurate, trustworthy utilize only a single dye. 

both liquid phase assays and commercially available ^jjj^i^ „ ^ indicator dye 
such as tetrabromophenol blue or *trachtoro^ jn 8 P t9St 

to determine the presence and/or ^oteins and undergo a color transition due 

The dyes presently used in assays for protem ^ ^ ,^0, phenomena 

to the protein-error phenomena when manned J^J'^JS^ dyes, the correct pH ranges and 
is fully described in Keston U.S. Patent No 3^^«J the y ^ patent 

the buffers required to observe the ^SJTiiK^W^ P rotein C ° nt9nt ^ 
describes the present day dry phase test stnps ^n^o^dto ««Y , color transition at a 

the test sample. t invent i on , it has been demonstrated that a 

in accordance with an important feature of the P^"™™ * |e H pr0 vides a more accurate 
judicious selection of a pair oHn^^^ both suprising.y and 

and trustworthy assay for total protem content a d nase test stick comprising a 

unexpectedly, by incorporating a d f J^LIeS^ 0,6 ****** 

carrier matrix comprising a polymerized "^^^^ 2Jte is accomplished. In addition, the 
«ion and measurement of low molecular we.gh protems ^ ^ ^^ wjthout having t0 separate the 
detection and measurement of the tow I «^J^^" p SST«* as albumin, from the test 
predominant, competing and *ep is avoided. Furthermore, a 

sample. Therefore, a time<onsum.ng expei«.ve aa mora ? or in latwratory to 

method of fast, accurate. ^^^^^^^T^ * ach.eved. 
yield essentially immediate assay ^^^JS is imperative that the dual indicator 
In order to achieve the benefits afforded by me present «"^«^ p ^ to ^ pnor art and 
reagent composition includes a me incorporation of two indicator 

,0 presently available commerce! «P««f^JJ and neimer undergoing an identical 
so dyes, each having an essentially identical ~ lor J^ S '^V J^TboBi visually and instrumental*, of me 
" color transition, improves the color '« s ° lu %f"^ sensitivity of me protein assay, 

color transition occurring upon interaction w.th protein^ Therefore, me 

especially at relatively low protein conceptions is '"^^ . phenomena previously discussed. 
The method of the present invention f" 298 t f m e ^aSor reagent composition introduces the 
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~4-~,w Hvaa each having an approximately identical color 
phenomenon. However, by ™*°^»°^Jl2^X I adiS me re*** amounts* 
Sansition pH range, two .^Jf^ 0 ^* 8 ^ eSTSinte!act with protein and in relation to the 
the two indicator dyes, in refatton to tte > aMtty ofeaw ay spectacular color develop. 

that thr* basic requirement are MM "JJJ^J ^EES* transition in response to me 
interacting with proteins ^^^Z^^Zmcb^ reagent composition must preferential y 
l0 protein interaction. The indicator dyes utihzed hn ^.e dual macro »w interactions with non-protein 
interact with proteins as opposed to any .^^" S M ^^ons with nonprotein components could 

overcome the effect of the buffers. affinity to interact with proteins. It has 

in addition. It is important that each dye h « 8 ten to approximately fifteen times greater 

been found that If one dye has more than an ™ " re suU because preferential 

aSy to proteins »e corre .ate to the 

20 interaction of one dye with the protein produces a Q w effec tlvely interact with the 

as proteins present in the test sample. reagent composition must undergo a 

Secondly, each of the ^cator dy«* utifced m M**£>J % in pH range for coior trans.t.on 
color transition at approximately the ame pH rang* t0 acni8ve the ful , advantage of 

between the two dyes of up to about 0.5 , pH urn* * acceptao^ n ^ ^ dyes a preferably 

the present invention, the difference m pH range to co)or range « 

30 limited to about 02 to about 0.3 pH ^J^JJ is Lmained at a constant pH. usually 
required because in the dye binding technique th m color occurs because of 

sightly below the color transition pH range of the ^^^^ with the method of the present 
afteraction with a protein and not because 0 a pH change^ In acco^ ^ .„ 

fnvention, each dye is buffered to a f^S^SS^ therefore most appreciabiy improve co or 

35 order tor each dye to undergo f» t msa ^ a ^ r ^^' before, to maximize the coior transiton for 

■ 40 oo not mutually interfere with one another. For «"*»^ unde rgoes a color transition from a 

increased assay sensitivity can be defea ted or m "JJ^J b 9 the presant invention also are 

,ess intense co.or to a more intense ^J*£ ^^oes^lor'transSon to match the origina. 
minimized or negated in situabons J^S a color transition to match the original color of the 

color of the second dye. and the second dy ° U ^ 9 .^ ' ^ ^Jh a protein, the first dye is red in color 
4S flrst dye.For exemp.e. if at a ^'S^IS in a « sempie. the first dye undergoes 
and the second dye is colorless; then "P°" 7ye undergoes a color transition from colortess to 
a color transition from red to colorless and th second dye u g ^ negated, regardless of 

red. the benefits of improved color resolut.on and assay so ns mvity me advantage 

wther .he assay is monitored visual* or by Ins^men • ^re " ord ^ ^ ^ 

50 of the present invention, the dyes employed n ttw dual ^.nOKWQ 8 dye changes from 
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dva of the reagent composition can range from 
indicator reagent composition to me ^ jJJLJK **" abou < 3 to 1 to about 1 to 3. The exact 
approximately 5 to 1 to approx.mtfely 1 to i 5. £ duaJ indicator rea9 ent composition can be 

ratio of the first indicator dye to the second ^ an as for proteins h8vi „g 

determined by those skilled in the art of des,gn,ng J^J, ^ in ^ du8 , indicator 
maximum visual color resolution ^^T^^ by methods well known to persons in the art. 

?Tn^r™^ "f ° f " Pr8Sent - 

SSZrt*- dyes that era ^^Sc^abTiTS as an indicator reagent composition in an 
A combination of indicator dyes as de^lbedabove * " concentration of protein in unne or 

improved method to tSt me dual indicator reagent composition of tm 

other liquid test samples. It has been demonstrated ^^apie and measurable color transition, either 
^invention interacts ^^^.^^^^^^^ in "J* 

concentration of protein in the »st sample^ buffefS can ^ used in the dual 

Further, it has been demonstrated that any * v "^^ * P d ^ boffer is to maintain the reagent 
indicator reagent composition of the present ^°^^~^J vansi ^ in the indcators because 
composition a, a subatantialiy constant ^2^eSjSS?S« a variation in the P H of the 
of the presence of proteins and to essentia^ '^J^SvM inte the duai indicator reagent 
protein-containing test sample. As a of buffer usually falls between about 

composition depends upon the nature o f he test sample^ The i qu y ^ o{ buffef ^ ^ 

100 miiiimolar (mM) and about 500 m,.hmo.ar 2^ JKSSd^on. and vary with, the indicators 
above or below this range. The nature of the buffer used wm a p ^ ^ optjmum 

incorporated into the dual ^^^^ contained at a pH vaiue only stightiy below 
results, the pH of the reagent composrton genera y ^ composition undergo a color transition. A 
the pH range wherein the two «*?*J*~« i to the particular indicator dyes of the reagen 
method of determining a surtable .buffered pH vdue to th jn me doa , indicator reagen t 

composition and of determining the > particular buffer man can be 

composition is found in Keston. U.S. Patent No. *«f^ composition is preferred, a buffer is 

Although the use of a buffer in the present dual .nd, r ^£ w J to add a Duffer ,o the urine or 
not essentia, in al. cases. For example, m ***** ^^'0 reagent composition. Also the test 
other test sampie before the test sample contact me dual mdica g ^ ^ 
sample may already contam a buffer insensitive to pH changes. In 

composition at a constant pH. « **" sle active ingredients in me dual indicator reagent 

such cases, the two indicator dyes can be the s JVJ^J^ ^ M surfactants, mat do not 

composition. However, it ^^ 1l ^^X^iS^ *» ^ d ° "* T 
materially altar me nature and the function of the ™S2to, reagent composition. Ukewise. other such 
40 with the protein assay, also can be ^^^^Zy^Ta^ plasticizers. 

nonessential ingredients include ^^J**'^^* the dual indicator reagent 

Upon contact with me urine or other ^J^%J^ inte nsity and degree of the color 
composition demonstrates the presence of ^L^^^ of protein in the test sample by 
transition can be used to determi ne ^J^^^SS^^ I**** by ' 
« comparing of correlating the color produced by thej test samp e toj ^ invention, it has been 

known concentration of protein. In accordance wrth an W*J£^ "^emiy resolved and differentiated 
demonstrated mat me dual indicator reagent compostion pcwft^-m ^ ^ 
color transition such that me amount of prote. Mr Jjjj^^j ^ oph otometers or coiorimeters. 
determined wimout me use of ^^"^^ be usi to measure me difference in color 
so However, if desired, such ^^^ ^^ 0^^ concentration. 

degree and intensity between me f ^ ty buffer ed dual indicator reagent composrt.on 

Accordingly, an assay for pro e,n ^t^s ' su ^ h jcjan confidence in me assay, 

improves me accuracy and rel.ab.hty of the as»y and also .n k ^ ^ ^ . 

Additionally, because of me number * "JjJ^ laboratory, it is imperative to provide 
ss patient, as opposed to trained phys.c.ans ° r J^^".,, in ^ unne . 

accurate and reliable semiquantitative assa ^y methods 0 P^=J TABLE I tabulates representative pH 
,n accordance with an important ^.^^es iX dual indicator reagent composition of me 
indicator dyes mat can be used as protein .ndcator dyes .n me 
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TABLE I 
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Bromochlorophenol Blue (BCPB) 
lodophertol Blue (IPB) 
Rose Bengal (RB) 
Bromophenol Blue (BPB) 
Methyl Orange (MO) 
Tetrabrornophenol Blue (TBPB) 
Bromopyrogallol Red (BPGR) 
Bromocresol Green (BCG) 
Tetrabromophenolphthalein ethyl 
Bromophenol Red (BPR) 
HLO 30r 

Bromocresol Purple (BCP) 



ester (TBEE) 



Yellow-Green 
Yellow-Blue 
Colorless-Pink 
Yellow-Blue 
Red-Yellow 
Yellow-Blue 
Yellow-Red 
Yellow-Green 
YeOow-Green 
Yellow-Red 
Colorless-Green 
Yellow-Purple 



2.8 
2.8 
2.8 
3.0 
3.0 
3.3 
3.5 
4.3 
4.3 
4.7 
4.7 
5.2 



•HLO 301 is a tetracyclic dye having the chemical name 
8-amino-l 1 -aza-6-thia-[5,t 2-naphthacenequinone]. 



< ♦ ■« indicator dves in TABLE I is a partial list including dyes that undergo a color 
The list of protein indicator dyes in »*° L * ' » conducted at an acidic pH and using an 
transition at an acidic pH. In general, assays for J>^«*™ ^u S ele indicator dye can interact more 
indicator dye undergoing a ^J^™ between L indicator dye and 

strongly with the protein at low, acidic pH values^ xne positively-charged cationic 

the protein at low pH values occurs because ^f^S^S^ ^ additionally, because the 
protein molecule and the negatively-charged anionic md ' c ^ 0 f the protein to 

Ldic conditions serve to partial denature protein^ ; ancM dyeSi capable of 
interact with the indicator dye. However, it approximately 5.2, also can 

interacting with proteins and undergoing a color transition at a pH value aoo pp 
be employed in the method of the present invention. ^ n ^ on Bi ther in the acidic or in the 

*1SJ*W. other ^^^r^ a jE^^CS- to afford 
neutral to alkaline pH range, also can be CTmb ' n ^^ d ^fsen S itivity However, each indicator dye 
improved color resolution and differentiation and mcre^ed W no • 

deluded in the dual indicator reagent «^«^ ™* ^ ^ ° f ^^Ve dyes must undergo 
dyes must undergo color transitions within ^^TJ^JZ. IXZ be used in the method 
sufficiently different color transitions. Examples of other pH .ndicator dyes mat c 14 
Jme present invention, and having a pH of color transition ™g,ng J^^°£* "I-io* of 
are found in The Merck Index. Ninth Edition., pages £™£^^T£L. iiveTafotheT 
Chemistry and ThyjicT sist Edition, pages D-106 *™*l*™J*™™^ ers and distributors. 
suiHEie^^ suitable combinations of 

In accordance with an important feature or me prew aitamole ,^^1 orange (MO) can be 

indicators are envisioned from the indicators Jiste ^T^Zop^ blue (TBPB). 
combined with bromochlorophenol blue BCPB), ^^^iA^e^cJd^or resolution, and therefore 
or lodopheno. blue (IPB) to ^"*^1"%^S^ «^«*<** <MO will predominate 
increased assay •^J^J^^^ and d'ye color transition, the resulting 

prior to interaction with a protein, whereas aner prow lntftnse flreQ n or blue of the second dye. 

y e..ow coior of methyl orange (MO) will be ajjreojj , by t^jJJJJ orange (MO) is 

in addition, each of these second indicator dyes (BCPB BPB ^ oxirnate pH of color 

capable of interacting with proteins and ~" ^"J^^^for m*M orange (MO). 

A ™yl » suitob, indicator dye to be combined 

11 
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15 



20 



• t#j , w„ a . inrtirator raaoent composition. Although rose bengal (RB) can 
with methyl orange (MO) to y-eld a dual ^'^J ^ pH 0 , co .or transition tor methyl 
interact with proteins and has a pH ot to pink is sufficiently similar to the color 

sr^^ - co,or -* 

with bromocreso. green (BCQ). ^£^" D S£^fJ test sample. Simi.arfy. bromophenol 
to green to purple, in response to an ' n ^ 9 J^ ^TcomWned with 8-amino-11-aza*thia-t5.l2- 
red (BPR). ^^^Tof «Jr.esa to green, to give a co.or spectrum ot 

naphthacenequ.none] (HLO 301). navmg a ^ t t of ^ test sample, 

yellow to orange to violet, in response ^' nc ™TJ Staved by Uie method of the present invention, a 
To demonstrate the new and unexp^ed ^^SJS^ blue (BPB) and methy. orange 
dual indicator reagent composite, including £ r*"J" " £ total content of a test sample. 

(MO), was prepared, then used in an aqueous, and undergo a color transition 

( Both ; bromSheno. b.ue (BPB) and m f * ™^ from ^ * * *** 

table " upon — wi * ^ 

protein solutions. 

TABLE II 



30 



35 



COLOR TRANSITION OF METHYL 
ORANGE-BROMOPHENOL BLUE DUAL INDICATOR 
R^ENT COMPOSITION UPON INTERACTION WITH 
qtanharDIZED PROTEIN SOLUTIONS (ph * 3.2) 


Concentration of Standardized 
Protein Solution (mg/dL) 


Observed Color 


0 (blank) 
10 (trace) 
20 
30 
60 
100 
300 


red or orange 

yellow or very light green 

light green 

green 

blue green 

blue | 
dark blue 



40 



SO 



55 



■n accordance with an important feature of »e '^I^Z^^^^ 
by using the methyl orange-bromopheno. blue .nlUast a,, P** art methods 

oLrenLon between, protein concentres ^ ^^^eTpmtein levels in the 0 to about 15 
employing a singie indicator dye are ^l^^Z^prZi^s ranging from 0 to about 30 
mg/dL range and prov.de only m.nama. leased assay sensmvtty is achieve* 

X^'iSST^ "aboTsO-UdL and below to ultimately yieid more accurate and 

^rTSeous .ipuid ~ S J&&*£2£ SIST-SS 

composition is produced first. For exampta a dual '"*cat»reage ^ ^ (MQ) 

0 60Q (0.90 millimole) of bromophenol blue (BPB) ano o.wg oo reagent 
Sclent amount of a 100 mM ^te X TS n ^ 
composition that is 0.9 mM in ^^^.^^^ ^ was determined by adding one drop 
3.2. The presence and ^f^^o^m^^^^^ com P° Siti0n *" ?' 
(approximate* 50uL £ ^b.ue merefore revealing the presence of approximately 

the resulting aqueous solution changea rrom reo w u 

'^^CSTSS* — * ,or protein ' du * m r9a9ent con,posiUon is 
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Sanation. However, an excess amount of d ud jf^^lSrtt are essentially precluded. Usually, a 
any non-specific interactions with "^^XS^pS in the range of about 0.5 mM to about 
total concentration of dyes m the dual Tg^US «lor ^on. either visually and/or by 

, 5 mM is sufficient to provide a delectable JJJJJJ * ° dye interaction with non-prolein test 
instrument, and to eliminate or m ^ ^^JZtr^ L^, it has been found that a total 
sample components. To achieve the full • d «^^JJ7I» range of from about 0.5 mM to about 
'd/concen^n In the to the citrate buffer used 

2mM is especially preferred. Furthermore^ ^J£bw touno ^ by u8i ng any 

,o in the above example, the de sired ^JJ^^E J u ^a, icy .ate. tartarate. phosphates, borates, 
suitable buffer, such as malonate. lactate, J^PSO) N-2-hydroxyethylpiperazine-N -2- 

acetates. Pipe^e-NN^ acid 

sr; * sssra^ - - ^ , • i . abo. , to , 

provides the full advantages and benefited present inventoa ^ r j$ ^ ^ 

Furthermore, in accordance wrth anomer important feaoireoi ^ system for the 

experimental tecnnicues of ^ ^ * * ^r^Sples by Varying the relate 
aaueous semiquantitative assay of proteins in unne anu «u * h samD | e arK j by varying the 

of aqueous solvent, due, W""?^^ s*h mat a 

identity and amount of dyes and buff er to> port e d ^^a7ds *£d from solutions of known protein 
comparison, either visually and/or by instrument, to color sranoarus u 

concentration is possible. stains the dual indicator reagent composition can be 

,n addition to the wet phase, aqueous assay Msay for protein that utilizes the 

used in dry phase, test pad assays for pM J^/^^l^ods we! Known in the art. In 
dual indicator reagent compos.t.on « formed other test san , p , e with an analyte 

general, the assay for protein is performed by «J» £jetec ^ n device can be 

Section device that includes the dual SS fo "he analyte detection device dropwise. 

analytes simultaneously). For either type of reagent -JJfJ^ ** Reagent test pad. comprising a 
strip; or handle, normally constructed ^ ^oph^C P^. and ^ ^ ^ ^ 

eem? ~S r to contect - indicator rea " nt 

compostton and produce a detectable ^f^X^oSg the chemical reagents required to 

The carrier matrix can be any ^ c e capaWejf ncorp g ^ ^ ^ ^ ^ ^ 
perform the assay of interest as long * I ft e car t er matn jtas uo y j£jn .^er matnx " 

rcagents. and is porous and/or absorbent relate iTarl ms^le T w«er and other physiological fluids 
refers to either bibulous or nonbibulous "^fiS ofter physiological fluids. Suitable 

and maintain their structure, integnty when exposed to Mjjr and o P^ ^ ^ 

bibulous matrices include filter paper s P on9 % m ^ er ^^ , ' U ' 0 fi S lms ^d preformed or microporous mem- 
the like. Nonbibulous metrics include f^^'^^^Sa^ such as silica gel. alumina, 
branes. Other suitable carrier matnces mclude ^^ w ^^ me natural po.ymerlc materials, 
diatomaceous earth and the ike; ^^.^^'J^ nZ^^g papers such as filter 
particularly cellulosic matenal. like cellutos-c nawTaHy-occuring polymers, such as cellulose 

Japer or chromatographic paper; s^cor^ T^J^ ^ M dextran. agarose, and 
acetate, polyvinyl chloride j ^^^^^Tjro^ powers. Hydrophobic and non- 
other such c ^ ked a ^ d "°^ n ^ u n the carrier matrix o. the present invention. The carrier 
absorptive substances are not smtaoie ror usw » 
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, » mivtura of chemical compositions. The matrix also 
matrix can be of different chemical wmpoattons or a « softnes8 However> in ^ 

can vary in regards to smoothness ^JT^JS^vb material. The handle usually is formed 
instance, the carrier matrix must .nclude ter9 p ht ha.ate, polycarbonate or polysty- 

r rr^ - - — ° f ~ 

"»TJZ the fu„ advance of the ^^^^S&^^ 
impregnated into a suitable carrier matnx ^^"nZwZcl. accurate and reliable assay for the 
test sample. The method of ^^T^^S^SLi at home or in the laboratory In addition 
total concentration of protejn .n ^^'^^^^erentiation and measurement of tow protetn 
me method of the present «^^J^J^Z^ im more useful clinically, 
concentrations in the test sample therefore matangr *V™»™ ^ om a ory phase, test strip assay for 
m accordance with the method of *e present *J^ mM contra** of the two 

protein, a aqueous solution, including from about "jnM»-u Abibu)ou8 matrix . sucn 

£ £ methyl orange (MO) and .P**^" 2^00-9 *e two dyes erther 
as filter paper, then is "^^.^H^Sw solution onto sheets or precut strips of the filter 
by spreading, by immersing or by spraying *°*^ 8 air oven ^ about 50* C. for about 20 to 30 
paper. After removing the aqueous solvent by oven ^JJO '^J 25Q mM citrate buffer at pH 3.2 elthar by 
minutes, the filter paper then is saturated and .mpreg^ated ** « 2Q „ 30 minutes , me fitte r 

immersion or by spraying. After oven dryingats^»^o pp ^ ^ M § ^ 

paper impregnated with the dual mdcator reagent ^P? SI ^ * cm b ^ , 0 cm. Alternatively, ft is 
ESng dimensions from about 0.25 cm by about 05 cm ^f^^^,^ ^ therefore avoid the 
Sometimes possibfc to combine all ^^^^^i.^ recommended if the 
^Sr-S^sZ d£ i P nto the buft* solution could cause some of 

or transparent hydrophobic plastic handle wrth double jjtedad ihes e ^ ^ ^ 

dipped into a fresh, uncentrifuged urine *£ 3 5trip is examined, either visually 

svssi^^ ■ any - «- test pad revea,s - presence and/or 

concentration of protein in the urine sample^ desc , ib ed above, it is well within the 

Analogous to the aqueous, liquid phase assay for ^rotem ^ ^ & 

experimental techniques of those ski. led .n^ ft e art ^ Q( — sample , ^ 

between size of reagent pad. the strong* of naagent ng ^ ^ d . ppjng jn Qr(jer 

the method of introducing the test «^'^^3ldi3 composition the present invention, 
to design a semiquantitative assay for test S P^des fre desired information. If more 

in many cases simple visual observation *e test stnp^ to various known protem 

^TSS:rSXSS^ S-SS; or colter can be used to 
"% a still more accurate determination « injjO aqu90us . lipuio phase assay 

more precisely determine the degree of ^color "Jjj^jw^ by emp ,oying spectrophotometric or 
« and the dry phase, reagent stnp a^aycan be ^^Tn order to more reliably and more accurately 
colorimetric techniques, as <»^* accurately measure trie concentration of protem 

measure the degree of color trar.srt.on. ^""J™^,^ Jpelow 30 mgydL 
in the test sample, especially at lower P^JJJ^S^ of FIGS, i mrougn 4. me ability to 
As will be discussed more fully herematter .n ^LjSSSns rt^rotoins in a test sample by employing a 
detect, differentiate between and a meWod 0< aSSayinQ tor ^ 

dual indicator reagent composition «^^'££E^ P £ t sample. For example, the presence 
detect low molecular weight prawns that may ^^J^. jndjcatjon that me patient suffers from 
of low molecular weight Bence Jones protems in unne [^J^^^^ *e detection of Bence Jones 
.eukemia or multiple myeloma. However. «^»J^^T!*^ and time-consuming. In 
proteins in urine requires a Bence Jones proteins because the high 

addition, dry phase test stnps nave not been ' ^ t0 ^ y wjm and mask me Bence Jones protems 
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Bence .ones proteins an. therefore the ^^^^ 

dye. Furthermore, separation of the Be "ceJones prote ns ^ ^ ^ ^tore making a profem 
expensive and time- consuming as the manipulative test. Accordingly, untii the 

separation step.pr.or to a dry phase 1 ««P -JJJ ^^.^ available to accurately detect and 
method of the present .nvention, no dry phase. w> e 

Sure the iow concentrations of Bence Jones pms^ invention, it has been demonstrated 

Therefore, in accordance with an .mportant *^°^ n £ ™ 8uitable carrier matrix, the presence and 
that by impregnating the dual indUtt ^^X^T^eved by using a dry phase test jnp. 
concentration of Bence Jones protems in a urine , samp e g proteins is accomplished 

sSngty and unexpectedly, the dry phase test ^smp assa y <* Bence £ ^ ^ ^ Jone8 
S separating the Bence Jones protons from ^,1^ weight proteins present in the urine, 

"otei aSTby the more abundant and JJ^^TS? of pi-S. * test sampfcs general* 
As previously discussed, a dry phase test stilp used for *° ^ £ te ^ impregnation 

incudes a carrier matrix comprising any MM JJ^JX test sample to permeate me earner 
witt, an indicator reagent comooslton; ^P«™ * » ^ mat does not contaminate the unne or 

matrix rapidly enough to obtam prolem JOISTS components comprising the carrier matnx or by 

5." - ~ a - to make - 5Ubsequent 8888X8 
^rte^p^^ 

be any bibulous or non-bibulous matenalthat a ^° w '^Z reagent composition. To achieve the full 
?ea of the test strip that is impregnmed w* £wd^£» content of a test sample, the earner 
advantage of the present invention, m the ^T B ,!l?c materials, such as paper, and preferably fitter 
matrix is a hydrophiBc, btoulous ^ ,"S3S matrix of the present invention, pius 

paper. Fitter paper possesses ail of ^*^* ard a variety of suitabte grades. Rtter paper has 
rJSTtT ^ SS^^ mater, for suspend., and positions bom me 

^^,^0^ that in ufi.i^g the dual indicator reagent 

device^" eiTe me presence and/or cc^ntration oHow mofaa ar -igh P^o ^ ^ 

M proteins, in a test sampie. me filter ^^^^J^,^ to allow me relatively high 
SSr Sbutous matrix and related ^/^^SSST^. and contact and interact with 
Secular weight proteins, such as *£*»JJ^ £J a color transition. Therefore, me proportion- 
the imoreonated dual indicator reagent composition » P™"*" ^ jne or otne r test sample 

35 IjTeSeCunt of relatively high molecular ^ ^ ^ SJJ proteins present in the test 
* P ludes detection of the proportionaHy sma, I .£* ^£j5£ ? nto P a carner matrix possessing 

. 2£S=- - - -is of low modular 

weight proteins in a test sample. invention, it has been found mat a polymenzed 

in accordance wim an important feature of the p r f"""™^ x ^ ng sMcim porosity to allow 
urethane-based film, layer or "-^g^ « B TLST5«. proteins, and simultaneous* to 
penetration of the low molecular weight proteins, such as bor ^ ^ W) „ 

4, T^ent penetration of me more abundant ""^Z^St* hereinafter, me dua. indicator 
le demonstrated in me embedments of ^^.^Xemane-based film, layer or membrane edher 
reagent composition can be incorporated mto a ^^Sew during me formation of the polymenzed 
afti forming me ^^"^ZZ^TZrcTZ polymerized urethane-based 
uremane-based film, layer or membr n. However. Bern ^ fi|m , ayef or membran e 

so iayer or membrane must be treated wrth a su.^jebu«er. itreq uretnane * ased film, layer or 
can be used in a device to detect pram ^^^eSTand measurement of Bence Jones 
membrane must possess a suitable porwrty to pern* me ^on fi|rns , layer8 , or 
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j e „ ph „ « urethane prepolymer, is included in an incompletely 
appropriate porostty. a urethane «™P™ nd ^*" l^ZSUSw composite. The polymerizaWe 
Sred form as a component of ^^TXoTZ^^ vehicle, being removal from 
urethane compound is dispersed or d.ssofce * uret hane-containing composition, allows the 

the dispersion or solution during cunng o the ^^^ n ^^,^ „ m^n^.T^e 
polymerizable urethane^ontammg compound to n*y and curew penetration of the relatively 
cured layer, film or membrane has the cmctpm ^J^J,-^ mol9Cular weight proteins. The 
small, low molecular weight protems and to exclude the jJJJJ^ 8 „ me carrier matrix in 

polymerized urethane-based film, layer or ^bran^s thereto^ sunac urethane expound 

a dry phase reagent test strip deagned for me ™ P to „ oligome r. prepolymer, or 

dispersed or dissolved in ^?^^^Z£Z£ co^M 'can be mixed with the 
incompletely cured polymer. The polymenzab * mafrix including dual indicator 

dUa ' IJS — Staining composition in fcyer form. The 

Srm:Snr^ inclu d,g . ure*ane 

It has been found that the P^ m : ^'^^l7mTor mSes thereof that are capable of 
compound like an oligomer, prepolymer. ^f^^SS^^SS^m cured or polymerized 
polymerization or further polymer.zat.on. form , ■ cured provide a film . , ay er or membrane 

upon removal of the continuous >^ , £ZSJS^m*mm^mim'<** 
unexpectedly having sufficient P*""**** (ow - mrtawUj we^W P ^ ng jn g 

•to relatively large molecu.ar we.gh prctems/ The** hane «mpoo^ ^ ^ 

continuous phase, such as by -ncludmg an emuls.f.er can be cu^ ng y catalyst or can be heat cured 
solution or dispersion of the urethane <J^ U "^^ is Applied as a .ayer in the 

so long as the solution or d.spers.on of the •^^^^TEe urethane compounds that are useful in 

both available commercially from BAYER AG. describe an essentially linear polymer of 

35 The expression "urethane prepolymer" J^i-e functionates per molecule, 

repeanng urethane units. The J^.^ weight (M w , of at .east 50.000. 

and the polyurethane prepolymer should have a we gm averay 9xamp ie down to about 

UrethaneVepolymers with ^ »«* 

30.000. also are useful so ^^Z^^^^^ ■*»*- or 0,her " iSe * SPWSed 3 
40 The maximum M w is one wherein the urethane P^'V™ di methylformamide. For the incom- 

liquid vehicle or continuous phase, such as an organic solvent nxe y ^ 

80.000. „ llsa{lJ | in the method of the present invention 

The urethane compound, such as a urethane ^™^*™^a«mi by copoiymerizing an 
can include other monomeric units that are ™^^2TZT^*Z monomeri/unit into the 
isocyanate containing monomer, hydroxyl contammg , met hod of the present invention 

so urethane P^'^ Si ^ KPK)in nature. More 

can be either neutral (DESMODERM KBH). won c or cao < obtajned 

particularly. DESMODERM KBH is a neutraJ mwmop '^ r ^Jft Xylene glycol and 30 mo. % 1.4- 
oy reacting 75 pans of-a polyester of •*^£ff££ *££J* V - 2.250); 25 parts 
butanediol <M W = 2.000); 25 parts of a polyester of adipic aao ana g 

5S ,.4-butanedlo.; and 85 parts ^^^Z"^^^^ ^ - "*» p0rti ° n °' 
reaction d a polylwcyanate. a n ^ ^ 
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acid and ethylene glycol («» s 1,700 >' 50 para 

6 parts p-xylylene dlchloride. invention, after mixing with the other 

Tany event, the urethane compound u«Hzed '"^ c ^ e to pm^e a film, layer or membrane that 
components of the urcthane-containing w£**^ R Z^ZeT^ molecular weight proteins and 
has a physical and electrical charge structure »atmakes ft pemrcawe ^ ^ ^ ^ 

.mperviois to relatively W*<^^^™?Z£Z compound, a cattomc urethane 
urethanwontaining composrt.on can * * ^^ ^5 cationic urethane compound. The urethane 
compound or a mixture of a neutral urethane ' fWjndanj. a a txx;t 3% by weight to 
compound is present in the ^^ZTS^y^gm to aSut *0% by weight, based upon the 
about 30% by weight, and preferably from about 5% by we.g 

total weight of the urettane-containing ntage rf ure thane compound used in the urethane- 

As will be discussed more fully hereinafter, the pmW d eith8r neu1ral . cationic. or a 

containing composition, and the nature of *e u ^J^^m « =oior production, and the 
neutral/canonic mixture, affects the ^^^^ 0 f the present invention, analyte test 

St'iSKTS^^ «— * improved ^ reso,uUon ' 

color stability, or faster color production as squired. „oi v meTizable urethane-comaining composi- 

SuSTa wa^insolubte inorganic compound sue* » ^J** ^ t0 ^ 40% by weight, and 
The urethane^ontaining composKon on the total weight of the urethane- 

preferably from about 20% by weight to about 30 * 83 n „ baium suNat e. as a filler. The 

containing composition, of a ^^Z'T^^^^g as the mm is white in cotor 
exact identity of the inorganic compound used "™£JV£ interaction of the indicator dyes and the 
so as not to interfere with color detecton r ^3TSSSo^ such that dissolved anions and/or 
protein; and as long as the ?^**T*^V the protein assay. Therefore. Insoluble 

cations are not available to interfere chemtcaj y or mod of ^ prese nt invention include 

inorganic compounds that can be used in a« » dan ce wrth^mj JJ jrfe silicon dioxide, talc. 

caicL sulfate, titanium dioxide. ^^f^^ZS^um sulfate, strontium sulfate and 
magnesium aiuminum oxide. magnes,um «f '^^^^oxides; or mixtures thereof, 
other similar, white, water-soluble ^^^^^^Zco^rm composition as a powder 
The insoluble inorganic compound is «cWjJ l ^JT^^Z throughout the urethane-contam.ng 
to help assure uniform dispersion of the insoluble «jJ^S5nd in powder form, the insoluble 
composition. In addition, by ufltang .^*3*STSJ3 *• urethane^ontaining composition 
inorganic compound is maintained uraformly «JPJTJ insoluble inorganic compound provides a 

2 = K - — — compound un *° rm,y 

dispersed throughout the film, layer ™ , ^ include anionic surfactants to help wet the 

o The pdymenzable urethane-c^M «^ 3 ^ S^neously dispersing the insoluWe inorganic 
insoluble inorganic compound and «»^ a ^™^n The anionic surfactants can be present from 
compound throughout the "^^CS on^e total weight of the urethanenxntam^ 

0% by weight up to approximately 5% by weigm ^ color resulting from contact 

composition. The anionic surfactant ™*^JZJ^£^ surfactants found useful in the 
* between protein and the dual m ™ r ™°^^ tc ™ p^cular type, and include ammonium, 
method of the present invention are fJ^lZ^^m^U^ sulfonates, siiylalky. sulfonates. 

ssrwrua ssssnu - — - - — w 

. "Ti^er surface acflve agent, such - S^STSOT 
80 fluid can be incorporated into the sSicon-ccStaining materials 

ss »s^Sim.*-*r 

tents or silicon-containing materials that may be present. 
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-m* nmanic solvent must be relatively inert such thai it will not react 
dispers-ng the insoluble inorgamc salt. "etetively low temperatures to provide a dry 

witrVthe urethane compound and the l^Z^ZnVZ that organic aprotic solvents, such as 
urethane-based «.m, layer or membrane^ ^J^TSS provide the required solvency to dissolve 
diethylamide. N-methyl ^^J^^^ { ^ corn^. provide the required inertness to 
and disperse the components of *e u eth^c fosses* the required vapor pressure to 
preclude reaction of ^.^T^JlSS ^aye/or membrane. The liquid vehicle, removed 
yie ,d a solvent-free ^^^^^^9 composition in an amount of at least 30%. and 
during curing, is included .n '"^^f^^td up to about 90% by weight, based on the total 
preferably is present in an amount of at least 50 /o ano up 

weight of the u ^ U ^™T*f ^™wt invention, polymerizable urethane-containing 

in accordance with one ^^ll^^Sn Example 1. The uretnane-containing 
SSK "of r —to urethane-based Hlms. layers or membranes 

according to an identical curing method. 

EXAMPLE 1 
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Urethane-Containing Composition 



OESMODERM KBH (Neutral Urethane) 
Sodium Dioctyl Sulfosuccinate 
Barium Sulfate 
Dimethylpotysiloxane Fluid 
Sodium Dodecyl Benzenesultonate 
DESMODERM KPK (Cationic Urethane) 
Oimethylformamide 

Total 




35 



40 



Urethane-Containing Composition - B 



OESMODERM KBH (Neutral Urethane) 
Dralon U 

Sodium Dodecyl Benzenesultonate 
Tate 

Oimethyipoiysiloxane Fluid 

Oimethylformamide 

Total 




Dralon U is a sulfonated polymer of average 
structure illustrated in structural formula I. 



molecular weight of 48.000 and having the general 



50 



55 



CHl 

i 

-< CHa-CH >-< CHa-CH CHa-CC CH» > >- 
i I I 

" *0 CHa 

! I . 

OCH» 50s- K«* 
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tn - manufacture of bo» composition ^ ^^ 0 ^^^^ o ^ Y ^ s ^J^'weous 9 To ^^^^8^6 
thoroughly mixed using a high speed mixer ^J™*^**** on is coated onto a transparent. 
CpnipoUxi. A or B Into a fm . ayer or ^Jis controlled by using a doctor blade 

Impermeable plastic after coating the plastic support with 

adjusted to a wet thickness of about » •J^JJrt vSLmi into a circulating water bath main- 
the urethane<ontaining composition. ^ J>^ *W*£\ 8 . • ure thane-containing composition is 
tained at a constant temperature of about 25Cto aoo« ^ wat er bath for a time period 

cured in the water bath by immersing the wm j^*°"*°f° Jr. membrane can be air-dried or oven- 
ranging from 30 minutes to 16 « •"*•»—< ' into ^ 
dried. Reagents, such as a dua ^'^^^rrSveT if the reagents comprising the dual indicator 
layer or membrane as previously in the manufacture of the uretha*e<ontaining 

arising from incorporating ^f'^^^me^em of low molecular weight proteins, ike 
membrane, especially in regard to the de taction; and measur 9 a nd for Bence 

Bence Jones proteins, in a test sample. ^^/^ZuS Single indicator impregnated into a 
Jones protein assays obtained from dry ptoe test *£ ^ irnpreg nating a dual indicator 

* M are cofcr space p,fs ob^in ed J» -j—J - J^^^o^S 

contacting a standardized soiution °< B °"^^^ into a carrier matrix 

either a single indicator dye or a dual ^SasedX layer or membrane, 

comprising either filter paper or a polymenzed uremar**a^d mnvjye test strip comprising 

For example. FIG. 1 is the color space plot. ^ ?j^J2?to a filter paper carrier matrix with 

30 me single indicator tetrabromophenoi blue (TBPB) «JJ ^^[^^ (50) , 100 mg/dL 

standardized solutions containing no ^ umm ^.^ F ^s ioS sp'ace plot for a dry phase test 
albumin (100) and 100 mg/dL Bence Jone ^^^^ UiSft^ blue (TBPB) and methyl 
strip comprising a dua. indicator reage* IEtZL from contacting the same 

orange (MO) impregnated into a Similarly, FIG. 3 is a color space plot obtained 

as standardized solutions of albumin and Bence. J^rote™. wm y . ^3,^ m sin g,e indicator 

from contacting the standardized protein solutions wrt film obtained by curing 
tetrabromophenoi blue ^BRB) incorporated ^^^^!^m contacting the standardized 
composition A of Example 1. FIG- 4 ■ £ a dualTndicator reagent composition including 

L" plotted on the vertical axis are a m»cMh Intensrty ° f ^ . g a ^ e88ure d me co.or 

solutions. . . lin _ distance between two points in a three-dimensional 

The color space difference (AE .s f color difference the human eye 

color space plot. Theoretically, a color space d»fference of 1 is tne smai 
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# jnharont differences between the visual capabilities of individuals, 

r n crst-= practica,,y - 

percent reflectance measurements taken a »'^^^T the art" In general, the percent 
(nanometers) and 700 nm usmg M» d ^°" 8 jf ^J p iied by the intensity of the light at that 
reflectance at each of the sixteen ^^V^mJS^ functions for the colors red. green and 
wa^ngth. TJ.es e-^en a^ « %*^Z"E£* values X. V and Z. and V. A* and 



t* « 1 16 x [(V/Yo)1/3 • 16)] (Eq.2) 
A' » 500 x [(X/Xo)1/3- (Y/Yo)1/3] (Ed- 3) 
B' * 200 x [(Y/Yo)1/3- <Z/Zo)1/3] (Eq. 4) 



wherein: hit ,. reflec tance = 100% at all wavelengths), and 

X0..Y0 and Zo are the r^T^ZSZ^XS^S^ the sixteen wavelengths between 
X, V and Z are the tristimulus values calcuiatea as oescnoeu ouw 

400 nm and 700 nm. _ ... m ^ Qr ce differences (AE) were calculated, and 

From the color space plots of FIGSJ trough 4, me coo p co|or difference 

analogously defined. 
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. ♦ ~# cift 1 and in TABLE III. protein assays were conducted on 
As illustrated in the color space pW t of FIG. 1 and nn , ^ ^ ^ h8vjng 0 „, 

standardized soiutions including " 6 **™^™Zo l mter paper carrier matrix. From FIG. 1 and 

a single indicator, tetrabromophenol blue \ soluti on containing 10 mg/dL of albumin and 
TABLE .... it is found that the cotor space can normally differentiate only between 

a solution containing no albumin ,s 4.8 ^» ay inC0 nclusive as to whether 

colors having a color space d fference d j tt& ? 9n S between the test strip contacting the 
the sample contained is any albumm because tt^ CO x * n« cou|(J ^ ^ determined. At 

0 mg/dL albumin solution and the test *np - JJ^gJS'K 0 mg, dL albumin to about 10 mg/dL 
best the assayer could estimate that the sample containeu 

albumin. ^ ««♦ an assaver could not determine the concentration of 

Similariy. FIG. 1 and TABLE III ^J™™^^^"**™ *»» proteins to about 100 
Bence Jones proteins in a tesfsample »"^so^dm2!nce provided by an analyte device having a 
mg/dL of Bence Jones proteins because .were P ^ jg 

single dye impregnated into a f.fter paper mamx * *• e ^ numan eye can detect color 

detectable by a normal human eye. TABLE III and F.6^1 u because the color space 

differences resuming from the presence of 50 mg/dL and w mg 

differences are 19.2 and 25.5. rasP* 0 *^ imorean atina a filter paper matrix with a dual indicator 
However, surprisingly and unexpectedly, by '^^vTca^ dually differentiate between samples 
reagent composition of the presort I " ■J^TpS 2 and TABLE III. a color space difference 

containing 0 mg/dL of albumin and * ^J^^ I a soiution containing no albumin is 9.1 when 
(AE ) between a solution contammg 10 mg/dL a ( album ^ h b , ue ^ metny , orange . Such a 
using a dual indicator reagent compos.bon ' n ^™ a *\ e \ uman 9 ye. and shows a substantial 
coio? space difference is suffident to be * J^^^^^dytoinO. l-«mWy. 
,5 improvement over the color space difference J* w g ^ ^ ^ difter ence 

30 albumin solutions compared to the solution^ c°ntemmg nc impregnated into a polymerized 
,n regard to FIG- 3. it is demonstrated Wa*J .ndW«o y u ^ ^ ^ 
urethane-based film, layer or ™™ *™™^™% r \ 2SE, containing 10 mg/dL of albumin, tte 
concentration of low .eve.s of ^^^S^ ^ning 0 mg/dL albumin was on.y 32. This 

wherein a filter paper matnx was used. was found in FiG. 4, 

Unexpectedly, even greater sens.tN.tyjn ^**Z2*Z % "polymerized is urethane-based film 
« wherein a dual indicator reagent composfcon was ""co^o^ed ™ ^ 43.9 snowing an unexpected 
matrix. Compared to FIG. 3. the color space mdm RG . 4 further shows the benefits 

wherein a single indicator dye was utilized. indicator reagent composition impregnated into a 

Overall. FIGS. 1-4 and TABLE III shows mat a i dual ^ at ^f ^ resolution and assay 
filter paper matrix or into a po.ymerized "JJJ^JjSSip^ « ,ow <> rotein ,eve,S * 
sensitivity in the assay for the W pro* "-J"** « £ p invent-on a..ow v,sual differentiation of 

so less than 30 mg/dL The method and .^^^^carrier matrix with a test sample containing 
color transitions resulting from contact of the more accurate and trustworthy 

protein at levels of between 0 mg/dL and 10 mg/dU *«jljj ■ ^ for Bence Jones 

assays. The present invention further provdes a meWod » idi a carrier matrix that 

ptSlns. and other low mo.ecuter weight protems. mutest exposition o. sufficient 

55 essentia.* removes interfering h,gh ™^**'°™\^*l?Z* of Tow mo.ecular is weight proteins, 
sensitivity to allow detection and measurement of '°; c0 "f^ eo by using m aual indicator reagent 
It has been demonstrated that cotor d«erenoas are improve y * ^ uWthan(H3Meo mm. 
composition, regardless of whether the earner matnx ,s filter paper 
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memb rane or , y e, ,n addition. ^"£7^ 
Methane-based film matrix shows dramatic^ moeased » molecular weight protein,. As 

therefore providing' a simple dry phase . tttf strip JJ^J^Soi^ 100 mg*JL of Bence Jones 
demonstrated in FIGS. 1-4 and m TABLE M«J gWjQ an J (natrix gatfe an imperceptible CO or 
proteins with a single indicator dye '^^J^JZg no Bence Jones proteins. However, color 
difference of 4.4 compared to assaying a ^ ^ singte dye into a polymenzed 

resolution and assay sensitivity is Improved by easily perceptible 29.3. Furthermore, using 
urethane- containing matrix such that the color drKerence ' S ^^ u ^ ane . oa8e d film matrix further 
iedual indicator reagent ^^ C ^ y tlT^«^e color dHference increases to 
dramatically improves the color resolution and assay sensravry 

an unexpected level of 48.9. ^ ne . hasB d film layer or membrane as the carrier matrix for a 

,n regard to using a f^T^J^^S, moleoL weight proteins, it has been found *at not 
dual indicator reagent compos.tion £ZS ^ p^tein^taining solutions, and there- 

all urethane-based membranes respond identically to conwa w development, 
fore, several urethane-based ^«^™J^^ZJ* I aqueous phase. « has been 
insufficient color differentiation .^^^^'^1^8 obtained by curing composition A or 
shown that ..the two polymenzed >f^^ e ° "' m d i Sadvanta g e s an d therefore are preferred. It should 
composition 6 of Example 1 do not de ™^^ J^t are roUhe only compositions that can be utilized 
be emphasized however that commons, Aand protein determinations, 

according to the memod of me presemmventon^ 9 ^ a or by cunng 

Nevertheless, a membrane, layer or h, ^°^^ rta l s % or % xanl p t 9, a membrane or film obtained 
composition B of Examp.e 1 has advances ^^^^Lon and exce«ent color stability even 
by curing composition A of Example 1 8^f£^~J For example, for analyte test devices using 
aL the test sample is wiped dry gar^eT. the color transition resutting from 

25 membranes or films derived from *™*™%Z2%£ °sua^terioration in color intensity or depth over 
contact with aibumin or Bence Jones P"*'"*^ from composition A is slow, and therefore 

a several day period. However ^T^ZZ^^i manner. As a result, when using the Wm 

30 SSSK « — . * -ct with *» 

matrix or after the sample is wiped from the w B o1 ^ also offers very good 

A urethane-based film matrix obtained by cunng owjM»n composition A of 

color resolution and differentiation However, wj*. «JJ B V of Sample 1 is fast, and 

a5 Example 1. color formation on a film matnx stained by cunng compo _ Howwer 

Sore, this film matrix can be used required for full cotor 

in the assay for Bence-Jones proteins color Jjy .„ urjne sampl9 f0 r a relatively long 
development. Therefore, the test ^^S^TZS^ PiP*«"* the urine sample onto a test 

the liquid test sample from the test strip. more accurate and reliable 

Therefore, in accordance wrth an important *J*«J*JJ P rotein content> in uri ne and other liquid test 
45 assays for total protein content, or for low ^ [ ^^2^ &m)0 ^ n . The dual indicator reagent 
45 saris can be performed by utilijng *Xet£ J^oZC™ assay sensitivity. especial* 
composition improves the color resolution of Furthem , ore , by performing the assay with a 

at low aibumin levels of or .ayer as me carrier 

dry phase test strip that includes a polymer zea iinBXQactea | V accur ate method of determining 

- fir: sxzttxx^zzz-- - — * - - 

-sacs, — — - -5- • • » sr A S«" sss 

without departing from the spirit and scope thereof and tneretore y 
55 as are indicated by the appended claims. 
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second color; rt( , ta rtable and measurable color transition at approximately 

^e b u«er to ma^n aconstant PH ^ - * *— " * * ** " 

dye and the cotor ^^^^T^^ of protein in a liquid sampte comprising: 
2. A method a determining the presence a^^nw composit j 0n comprising: 

(a) contacting the iiquid sample with a ^ISS^iSurat* T color transition from a first color to 
a first indicator dye capable of undergoing a detectable and measu 

a second color. . Hptaetable and measurable color transition at approximately 

rt-rt-r „ ^ . eonsun, PH - - - — " 

ay8 add mo co,„ ^"££Z£'£ZZ£:« p»«n in »a KMd ««*!»»«. 

nH33S^«« — - - - 

test sample comprising: 
a support strip; 

SSSSSStU - ±*m • «**>*>* M — "■" ewo ' "" 9 " on ' lks ' ■* " 

a second color, H«t«rtable and measurable color transition at approximately 

dy. ana mo WO. oansllion OM of M MCOM "^J^n, 0l M a liquid samp* con-pdsina. 

a Brat asssr-'sss . tsss- — ° -» — - — — • 

a second color: rtntBCta hie and measurable color transition at approximately 

r— w - — • — « - -Err B m * - PH 01 ** 

d y o odd » POW ^^.S^^SSTi pd— in too >,uid s»np» W» » «««, 
a. «.»S " . «f ?™nT, a^a ,.0, M • -* ~ 

so matrix is permeable to said protein. rf C0(npris i n g : 

6. A reagent strip for sensing the presenc >oU MJJJ "J ^ including a dua . indicator reagent 
a urethane-contaimng polymenzable ^.^f^'^^n^ material, said dual indicator reagent 

=SE S?SK 52 ~ a dJtab,e co,or chan9e in - 

- "TSSS — ing a relate concent^on ol .pj-j - in . 
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said dried matrix material layer with said reagerrt composition; 

™~ ,^slbly<Mt9etaM«co».eli»'9ei"sak) matrix malarial layor: and 

St^'^^SS compos ,0 = «MC . «. . MM «— 

continuous polymerized urethane-based polymer layer permeable to said Bence Jones protei 
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® Test device and method ot assaying for proteins. 



@ A new and improved test device and method of 
determining the presence and concentration of pro- 
teins, such as albumin or Bence Jones proteins, in a 
test sample; The test device includes a carrier matrix 
incorporating a reactant system capable of interact- 
ing with proteins to produce a visually or instrumen- 
tally detectable and/or measurable response. The 
carrier matrix of the device can include commonly 
used bibulous matrices, such as filter paper, or a 
new and improved nonbibulous protein-permeable 
strip, membrane or layer of a polymerized 
urethanecontaining composition. In addition, a new 
and improved reactant system, comprising a duaJ 
indicator reagent system, such as bromophenol blue, 
methyl orange and. if necessary, a suitable buffer, is 
CO incorporated into the carrier matrix to provide im- 
<C proved color resolution and increased sensitivity to 
proteins, thereby affording a more accurate and 
5 trustworthy protein assay of test samples, such as 
(M urine. Furthermore, by incorporating the dual indica- 
_ tor reagent system into a carrier matrix comprising a 
CO polymerized urethane-containing composition, a dry 
O phase assay for low molecular weight proteins, such 
0 as Bence Jones proteins, can be performed on a 

^ liquid test sample. 
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